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SUMMARY

low speedhasbeen conductedin thekngley
stabilitytunnelto determinesomeof the effectsof wingfenceson the
lateralstabilityderivativesof a flat-plate60°delta-wingmodeloscil-,
latingcontinuouslyinyaw. Resultswereobtainedfortherolling-moment
andyawing-momentderivativesin phaseandoutof phasewiththemodel

G motion.

Theresultsindicatedthattheadditionof wingfencesprovided
largereductionsin themagnitudesof thedamping-in-yawand cross
(rollingmomentdueto yawing)derivativesat highanglesof attackand
lowreducedfrequencyby reducingtheamountof separatedflowon the
wingsurface.Correspondingincreaseswereobtainedin themagnitude
of thein-phasederivatives,thedirectionalstabilityandeffective
dihedral..~creasesin Reynoldsnumbertidtheuseof variousdevices
conraonlyemployedto @rove thelongitudinalstabilitycharacteristics
bv reducinaflowseparationsuchas camber,twist,andleading-edgeflaps.
and
the

slatsmayprovidechangesin the oscfiatoryderivati#s‘Stiar to
changesproducedby wingfences.

INTRODUCTION

A nuder of recentwind-tunnelinvestigations-h;e’”shownthat,for
unsteadymotion,largevaluesof someof thelateralstabilityderivatives
existat moderateandhigh=@-es of atta~ forswePt”~~deltaP~~-fo.W
wings. Resultspresentedin references1 to k indicatethatthelarge
valuesof thederivativesareassociatedwiththe separatedflowon the
wingsurfacethatresultsprimarilyfromwingsweep. Sincewingfences,

* whichhavebeenemployedto improvethelongitudinalcharacteristicsof
sweptanddeltawings,alterthe flowconditionon thewing,thepossi-
bility~is~E thatthesedevices~so affecttheunsteadyValUeSOf the

●

l~;era.1stabilityderivatives.
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Thepresentinvestigationwasundertakento determinesomeof the
effectsof wingfenceson theunsteadyvaluesof thelateralstability
derivativesof a 600delta-wingmodel.

t
The tests consistedofmeasuring

theyawingandrollingmomentswhenthemodelwas oscillatingcontinu-
ouslyinyaw aboutitsverticslwindsxis. Sincethemodelmotionis a
cotiinationof yawingandsideslipping,thestabilityderivativesmeas-
uredby thistechniquearecotiinationderivatives.Thesederivatives
arethedampinginyaw ~ - Wc$,m>the crossderivative(rollingmomentrju

dueto yawing) C$r,u- c~. thedirectionalstability
P.,0’ C%,u+ ‘2%,0’

andtheeffectivedihedralderivativeCzp,u+ k%;,u~ where k in the

expressionsis thereduced-frequencyparsineterclil/2v.The damping-in-yaw
andcrossderivativeswereobtainedfrommomentcomponentsoutof phase
withthemodelmotion. In-phasemomentcomponentsprovidedthedirectional
stabilityandeffectivedihedralderivatives.Theresultspresentedshow
someof theeffectsof fencegeometriccheracteri6ticsjfrequencyof
oscillation,oscillationamplitude,ad angleof attack.

.

SYMBOLS .

Thedatapresentedhereinarein theformof stabilityderivatives
andmomentcoefficientswhicharereferredto the stabilitysystemof
axeswiththeoriginlocatedat the quarter-chordpeintof themesa
aerodynamicchordprojectedon theplaneof symmetry.Thepositive
directionsofmomentsandanglesareshownin figure1. Thederivatives,
coefficients,andsymbolsaredefinedas follows:

yawing-momentcoefficient,Yawingmoment
. qsb

rolling-momentcoefficient,Rollingmomentqs-b

wingarea,aq ft

wingspan,.ft

. dynamic.pressure,lb/sqft,&

massdensityof air,slugs/cuf%

free-streamvelocity,fps

sm.gleof attack,deg &
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B angleof sideslip,radiansor degree~

v
i rateof changeof angleof sideslipwithtime,radisms/sec

$ angleof yaw,radiansor deg

’10 amplitudeof yaw,deg

r
.
r

k

LD

f

. x

c
.

Y

angulsrvelocityin yaw (r = ~),radians/see

rateof changeof angularvelocityin yawwithtime (; = ;)

reduced-frequencypMmeterj &/2V

circularfrequencyof osciM.ation,radians/see

frequencyof oscillation,cps

fencechordtiselengthmeasuredfromwingleadingedge,in.

wingchord,ft

fencespanwiselocationmeasuredfromplsmeof symnetry,ft

h fenceheightabovewingsurface,in.

t msximumwingthiclmess,in.

acn
Cn”= —
P “ba~

2V

acn
c _—nr –

~

acn
c“=—llr

s
4V2

.
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All.derivativesusedin thispaperarenondimensionalized(per
radian).The symbolu followingthe subscriptof a derivativedenotes
theoscillatoryderivative.

MODELANDAFPARA!I’W .

Model
.

Thedeltawinghada leading-edgesweepangleof 60°andwasthe
samemodelusedin the investigationsof references1, 3, and4. The
wingwas constructedfrom3/4-inchplywoodhavingessentiallya flat-
plateairfoilsectionwitha circularleadingedgeanda beveled
trailingedge. Thetrailingedgewasbeveledto providea trailing-
edgeangleof 10°thatwas constantacrossthe span. A photographof
themodelmountedon the strain-gagebalancewhichin turnwasfastened
to theoscillationstrutispresentedas figure2. The canopyshownti
the-photographwasmade,frombslsaandservedto streagl.inetheprotru-
sionof the strain-gagebalanceabovetheuppersurfaceof thewingat
anglesof attack.Allopeningsin the canopyweresealedto prevent
leakageof airthroughthemodel. A sketch”ofthemodelanditsgeo-
metriccharacteristicsispresentedas figure3.

-.—Thefencesusedforthepresentinvestigationhadprofilesas shown
in figure4 andwereconstructedfrom0.50-inch-thickbrass. Figure4
alsoshow5thefourspanwisefencelocationswhichwereused;namely,
0.35b/2,0.>Ob/2,o.6ob/2,ando.70b/2.The chordwisedistancesindi-
catedin thefigurearethemaximumfencelengthsX testedat each
spanwisestation.Fencesweremadehavingheightsh of 1/4,1/2,
and3/4inch. ‘l?heseheightswerechosento providevaluesof theratio
of fenceheightto wingthicbessof 1/3,2/3,and1.0. It shouldbe
notedthat,forthefenceprofileused,an increasein heightalsomeans Y
an increasein overhangof thefenceat thewingleadingedge. .
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A sumnaryof thevariouswing-fenceconfigurationstested,indi-
U eatingthegeometriccharacteristicsof thefencesandtheirGpanwise

locations,is presentedin t.sbleI. In addition,similarinformationis
tabulatedon eachof thedatafiguresfortheparticularwing-fencecon-
figurationsthatcorrespondto the data.

OscillationApparatus

.

Theequipnentusedto oscillatethemodelwasthe sameequipment
usedin the investigationof reference4 and consistedof a nmtor-driven
flywheel,connectingrod,crankarm,andmodel-supportstrut. T&is
apparatusis shownschematicallyin figure5 andphotographicallyin
figure6. The connectingrodwaspinnedto an eccentriccenteron the
flywheelandtransmitteda sinusoidalyawingmotionto the supportstrut
by meansof the crankarm. Themodelwasmountedon a strain-gagebal-
ancewhich,in turn,was fastenedrigidlyto the supportstrut. Model
angleof attackwas changedby rotatingthemodelrelativeto thebalance
aboutthe quarter-chordposition.Theapparatus,therefore,produceda
forced
quency

“ motor,
of the

oscillationabouttheverticalwindor stabilitysxes. Thefre-
of oscillationwas variedby changingthevoltagesuppliedto the
andtheoscillationsmplitudewasvariedby adjustingthethrow
eccentricon the flywheel.

Recordingof Data

Therecordingof datawas accomplishedbymeansof the equipment
describedcompletelyin theappenti of reference3. Briefly,measure-
mentof therollingandyawingmomentsactingon themodelduringoscil-
lationweremadeby meansof resistance-t~estraingageswhichwere
suppliedwithvoltagesobtainedfromthe sine-cosineresolverthatwas
geareddirectlyto theflywheelshaft. Theoutputsignalsfromthe
straingageswereproportionalto the in-phaseandout-of-phasecompo-
nentsof thenoments.Averagevaluesof thesesignalswerereadvisually
on a highlydampedd-cszaneter.Theaero@amic coefficientswere
obtainedby multiplyingtheammeterreadingsby theappropriateconstsmts,
oneof whichwasthe system-calibrationconstant.

TESTS

The investigationwasmadein the6-by 6-foottestsectionof the
. Iamgleystabtiitytunnelat a dynanicpressureof 24.9poundsper square

footwhichcorrespondsto a Machnmiberof 0.13. TheReynoldsnumber

basedon thewingneanaero-&mmicchordwas approximately1.6x 106..



6 lfACARM L56D13

For eachof theoscillatorytestconditions,testsweremadeboth
withthefenceson andwithfencesoffin orderto determinetheeffect
of wingfenceson the stabilityderivatives.For singlefenceconfigu-
rations,thatis,foronefencelocatedon eachsemispanof thewing,
someof theeffectsassociatedwithvariationsin fencegeometry,angle
of attack,frequencyof oscillation,andoscillationamplitudewere
investigated.Somedatawerealsoobtainedforthewingwithseveral
multiplefenceconfigurations.A summarytableforthefence-onoscil-
lationtestsindicatingthefenceconfigurationsandcorrespondingtest
conditionsispresentedas tableI.

In additionto theoscillationtests,static-sidesliptestswere
madeat a = 24° forthewingmodelwithtwo singlefenceconfigurations
andwithfencesoff. Forthesetests,themodelwasmountedon the
oscillationstrutanddatawereobtainedat incrementsof 2° overa range
Of ~ from-10°to 10°. At a laterdate,addition~sts,tfc-sf.deslip
datawereobtainedforthemodelwiththe ssmetwo singlefenceconfig-
urationsandwithfencesoffthroughtheangle-of-attackrangeat ~
of -6°and+6°to permitan evaluationof ~P and CZP with a. For

theseadditionaltests,thewingmodelwasmoumtedon a conventional
singlestrutsupportwitha streanilinedfairingpresent.To providean
indicationof thedifferencein the interferenceeffectsof thetwo
supportingsystems,dataforthelattertestswereobtainedforthemodel
withfencesoffevery2° overa rangeof P from-6°to 6° foran angle
of attackof 24°. Withfenceson,datawererecordedat m = 240 for
sideslipanglesof 6°,0°,and-6°. Allthetests,bothoscillatoryand
static,weremadewiththe canopyon thedeltawing.

.

v

Fortheoscillationtests,thein-phaseandout-of-phasecomponents
of theyawingandrollingmomentsweremeaswed foreachconfiguration
andtestconditionforbothwind-onandwind-off.Theeffectsof the
inertiaof themodelwereeliminatedfromthedataby subtractingthe
wind-offfromthewind-onresults,Previousexperience(seeref.1, for
example),whereinwind-offtestswereconductedwiththemodelencased
in a plywoodbox,indicatedthatstill-airaerodynamicinertialeffects
wouldnot influencethewind-offreadings.

CORRECTIONS

TheusualJet-boundarycorrectionsto angleof attackhavenotbeen
appliedto thedata,becausethelongitudinalcharacteristicswerenot
obtainedforthefence-onconfigurations.Thelift,drag,andpitching-
momentcharacteristicsforthewingwithcanopyarepresentedin refer-
ences1, 3, and4 at a somewhathigherdynamicpressure(39.7poundsper

Y—

squarefoot). The resonanceeffectdiscussedin reference5 becomes
*
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importantonlyforthe frequenciesconsidered.hereinat Machnumbers
nearunityandthusrequiresno consideration.* Ih addition,thedata
havenotbeen correctedforblockageor supportinterference.

RESULTSANDDISCUSSION

VariationWithAngleof Attack

Valuesof theunsteadyderivativesforthedeltawingwithand
withouta fenceon eachwingsemispanarepresentedforan angle-of-
attackrangefrom0° to 30°in figure7 foran oscillationamplitude
‘!0of k6°anda reducedfrequencyk of 0.065. Dataforthewingwith
severalmultiplefenceconfigwationsarealsoshownforthe sametest
conditionsat thehigheranglesof attack (G=240to 300).

Thevariationsof thefence-offresultswith a are similarto
. thoseshownin references2 and4. At thehighanglesof attack,the

magnitudesof thedsmping-in-yawderivativeCnr,UI- Cnb,u andcross

. (rollingmomentdueto yawing)derivativeClr,u- c2p,u increaserapidly

with a andattainvaluesseveraltimeslsrgerthanthosefor complete
modelsoperatingin thelow-angle-of-attackrange. Theselargechanges
in thevaluesof thederivativeswithsngleof attackappearto developin
pro~ortionto thedegreeof flowseparationon thewingsurface.(See
refs.1 and2.) Theanalysisof reference2 hasattributedthelarge
magnitudesof the out-of-phasederivativesto a lagin thealternating
increaseanddecreasein separatedflowoverthewingpanelsas thewing
oscillatesin yaw. The significanceof theselargemagnitudederivatives
on dymamiclateralstabilityis pointedoutin reference6, and some
informationon therelativeimportanceof thetwotermsmakingup the
damping-in-yawand crossderivativesispresentedin reference4.

Comparisonof fence-offresultswiththosefora singlefenceon
eachwingsemispanindicatesthat,for Cnr,u- %$,0 ~d Clr,u- cz~)~~
theadditionof thewingfencesreducedthemagnitudesof thederivatives
at thehighanglesof attack,but didnot changetherelativelysmall.
valuesthatwereobtainedat thelow anglesof attack.Thiseffect
apparentlyresultedfroma reductionin theamountof flowseparationon
thewingsurface.Multiplefenceconfigurationsappearedto reducethe
smountof flowseparationevenfurtherin thattheyreducedthemagni-
tudesof thederivativesin thehigh a rangemorethandidthe single
fenceconfiguration.Eventhoughthefencesreducedthemagnitudesof
thederivativesat highanglesof attack,thegeneraltrendof an
increasein magnitudewith a at thehighestanglestestedstillremains.
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Comparison~of thefence-offandfence-ondataforthe in-phase
derivativesindicatethatincreasesin directionalstability

Cn + k2C .
Q

p,m %,0
andeffectivedihedralCl + k2CZ.

p,u
wereobtained

r,u
whenfenceswereadded,suchthatthevaluesof thederivativesforthe
modelwithfenceson morenearlyapproachedthetheoreticalvsluesfor
unseparatedflow. Thisfactis ratherapparentintheeffectivedihedral
datain thatthefencesextendedthelow-angle-of-attacktrendto higher
valuesof u. Useof multiplefenceconfigurationsprovidedevenfurther
increasesin themagnitudeof thesetwoderivativesat thehigherangles
of attack.A comparisonof the in-phasederivativeswiththeout-of-
phasederivativesforfenceson andoffindicatesthatfincreasesin the

in-phasederivativesCnp,a+ k2%,u ‘d Czp,u+ k2%,(JJ‘esdts ‘n

correspondingdecreasesin theout-of-phasederivatives~ - Cn”
r,m p,a

and Cl - cl.
r,m p,m”

To substantiatetherelationshipbetweenseparatedflowandthelarge
.

magnitudesof thedamping-in-yawandcrossderivatives,static-sideslip
datawereobtainedforthedelta-wingmodelwithandwithoutfences +
throughtheangle-of-attackrange. Thetestswereconductedat $ = k60,
andtheresultsarepresentedin theformof static-sideslipderivatives
in figure8. Thereductionin therateof increaseof %. with a

P
abovean angleof attackof about80 forthedelta-wingmodelwithfences
offis dueto a moreextensiveamountof flowseparationon theleading
wingsemispanthanon thetrailingsemispan.Thisfacthasbeenwell
establishedforsweptwingsby a nmiberof surfacetuftsurveys.(For
example,seerefs.7 and8.) Fortheangle-of-attackrangefrom80 to
about16°,theadditionof thefencesprobablyeliminatedmostof the
separatedflowon thewingas evidencedby theextensionof thelinear
rangeof CZ to a higheremgl.eof attack.For vsluesof u above16°,

B
thefenceswereeffectivein reducingtheamountof separatedflowand
mayhaveprovidedsomestabilizationof theflow. (Seealsoref.9.)
Additionalsubstantiationof thereductionin theamountof separated
flowwhenfencesareaddedis providedby themorelinearvariationof
therolling-andyawing-momentcoefficientswith ~ thatwereobtained
whenfenceswereaddedto thedeltawing(fig.9). A comparisonof the
resultspresentedin figures7 and8 indicatesthattheadditionof
fencesprovidedchangesin thein-phaseoscillatoryderivatives(fig.7)
similarto thoseshownforthe staticderivativesCn~ and CZB (fig.8),

andthat,as a result,theprimaryeffectof thefencein theoscillatory
casewasmuchthe sameas inthe staticcase. Thatis to say,theamount
of separatedflowwasreduced.Hence,itwouldappearthatthereduction

.
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in theamountof separatedflowwastheprimaryfactorin reducingthe
magnitudesof the dsmping-in-yawand crossderivativesthatoccurredat

● highvaluesof a whenfenceswereaddedto thedelta-wingmcdel.

The effectof the fenceon CZP (fig.8) is similarto the effect

producedbymostof thedevicesusedto improvelongitudinalstability
characteristicssuchas the incorporationof csmberandtwistandthe
use of leading-edgeflaps,slats,and chord-extensions.(Seerefs.9
to 14.) Thelinearextensionof the Ct curveto a higherangleof

B
attackbeforethebreakhasalsobeen shownto resultfroman increasein
Reynoldsnumiber.(Seerefs.8, I_l,and15 to 1~.) TheReynoldsnuaiber
effect,however,dependson otherfactorssuchas leading-edgeradius,
sweepangle,androughness.As an example,fora w5_nghavinga well-
roundedleadingedge,an increasein Reynoldsnmiberwouldprovidean
effecton %B similarto thatshownforthe effectof fencesin fig-

we 8. For a“wingwitha sharpleadingedge,suchas thatof a biconv=
airfoilsection,changesinReynoldsnumberhavelittleinfluenceon the
results.In general,therefore,it wouldappearthata linearizationof
the CZB curveto higheranglesof attackor liftcoefficients,in any

.
mannerinvolvinga reductionin separatedflow,wouldprovidereductions
in theout-of-phaseoscillatoryderivatives.Althoughthe resultspre-
sentedhereinwereobtainedfora deltawing,thelargemagnitudesof
the oscillatoryderivativesresultprincipallyfromseparatedflowdue
to wingsweep,sothattheresultsshouldbeapplicableforotherswePt-
wingplanformsas well.

Effectof Frequency

Theeffectof oscillationfrequencyon the derivativesof thedelta-
wingmodelwithandwithouta fencefor a = 24°,andwithamplitudeof
oscillation*O = *6°,is presentedin figure10. The damping-in-yaw
and cross-derivativedataforthe fence-offconfigurationindicatetrends
withfrequencysimilarto thoseshownin references2 and4 in thatthe
magnitudeof thederivativesincreaseswithdecreastigveluesof reduced
frequency.Theadditionof a fenceon eachwingsemispanprovidedthe
largestchangeinboththeout-of-phaseandin-phasederivativesat the
lowvaluesof k. As reducedfrequencywas increased,theeffectiveness
of thefencewas reduced.

Valuesforthe steady-stateconditionplottedat k = O forthe
directionalstabilityandeffectivedihedralderivativeswereobtained
fromthe static-sideslipdatapresentedin figure9 forthemodel
mountedon the oscillationstrut. T’hemagnitudeof thederivativeswas
determinedby usinga linearvariationovera rangeof P from-6°to 6°..
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Effectof Amplitude

Theeffectof oscillationsqlitudeon thederivativesof thedelta- W

wingmodelwithandwithouta fenceispresentedin figure11 forone
angleof attack,a = 24°,andonefrequency”of oscillation,k = 0.0650.
Forthefence-offcodiguration,ratherlargeeffectsof oscillation
amplitudeareevidenton theout-of-phasederivatives,particularlyon

—.

c~ - Cz. Reference4 indicatesthatevenlargeramplitudeeffects
r,m p,m”

existat lowervaluesof reducedfrequency.Additionof wingfences
ahost eliminatedtheeffectof oscillationsmplitudeon ~

r,u- C%o
and CT - cl.

p,m
shownforthefence-offconfigurationapparently~y

r,u
reducingtheamountof flowseparationon thewingsurface.Theout-of-
phasedataof figureI_lshowthatthe influenceof thefenceson these
derivativesincreasesas oscillationamplitudeincreases.Fence-onand

fence-offresultsfor Cn
+ ‘2C%U

and Cl + k2Cz. however,
B,(!J 6,0 r,co’

showidenticaltrendswith-oscillationsmplitude”withonly-themagnitude
of thevaluesdiffering.

NumberofFences

Resultsfor severalmultiplefenceconfigurationswereobtainedat
severalof thehigheranglesof attack.Thedataarepresentedin fig-
ure 7 andwerediscussedpreviously.However,a clearerindicationof
theeffecton thederivativesof singleanddoubiefenc-econfigurations
and alsoof fencespanwiselocationis shownin figure12 for a = 24°.
Allthreefencesusedto obtainthedatawereidentical,bothin fence
heightandlength.For singlefenceson eachwingsemis~am,datawere
obtainedforthefenceslocatedsuccessivelyat the0.50b/2,0.60b/2,
and0.70b/2spanwisestations.Thedoublefenceconfigurationhadone
fencelocatedat the0.3~/2 station,andthe otherfenceW- located

successivelyat the samethreeoutboardstations.

In figure12,thetrendswithspanwise.locationareoppositefor
singleanddoublefenceconfigurations.Differencesbetweenfence-m
andfence-offdatawerelargerin all casesforthedoublefencecon-
figurationthanforthe singlefencecotiiguration,exceptforthevalue
of C~B,u+ k2Cz. withthefenceat the0.50b/2station.

r,m Thesedif-

ference;merelyi;dicatethatthedoublefencesweremoreeffectivethan
a singlefenceIn reducingor controllingtheflowseparationon the __
wingsurface.For the singlefenceconfigurations,thelargestdiffer-
encesbetweenfence-offandfence-ondatawereobtainedforfences

*–

locatedat the0.50b/2station.Whenthe singlefencesweremovedout-
boardfromthe0.50b/2station,thetrendof thedatawas ~owardthe .
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valueforfencesoff. Withdoublefenceconfigurations,exactlythe
oppositetrendwas obtained.Thelimitedresultspresentedherein

* roughlyindicatethatthemaximumfenceeffectivenessoccurredforthe
singlefenceconfigurationwhenthewingsemispanwas dividedin half
andforthe doublefenceconfigurationwhendividedintoaboutthirds.

SomeEffectsofFenceGeometricCharacteristics

Someindicationof theeffecton theoscillatoryderivativesat
a . 24° of fenceheightandfencespanwiselocationis presentedin
figure13 for singlefenceconfigurations.Valuesof the derivatives
areplottedagainstthe ratioof fenceheightto wingthicknessfor
configurationsinvolvingthreedifferentfenceheightsandfourdifferent
spanwiselocations.Fencelengthsvariedat eachof the differentspan-
wisestationsso thatthefencescoveredthewingchordforwardof the
beveledtrailingedge. Restitsareplottedagainsttheratioof fence
heightto wingthiclmessin figures14 and15 for configurationshaving
singlefencesof variouslengthsat the 0.50b/2and0.60b/2spanwise.
stations.It shouldbenoted-that,forthefencesusedin thisinvesti-
gation,an increase@ fenceheightalsoresultedin an increasein the

. fenceoverhangat thew5ngleadingedge.

Theresultsof figures13,14, and15 foreffectivedihedral,
damping-in-yaw,and crossderivativesindicatethatthe effectivenessof
the fenceincreasesas fenceheightincreaseswhensinglefencesare
locatedat the 0.>ob/2 and o.6ob/2 stations.Thevariationwithfence
heightforfencesat the 0.35b/2and0.70b/2stations,however,is not
as consistentas forfencesat the0.50b/2and0.60b/2stations.Of
particularinterestin figures13,14,and15 is thevariationof direc-
tionalstabilitywithfenceheight.

(

For the small-heightfencestested

)
~ = 0.33, it appearsthatthe additionof thefencecauseda reductiont
in themodeldirectionalstabilityexceptfortheone configurationwith
thefencelocatedsk the0.35b/2station.The eff,ectof fencelength
as shownin figures14 and15 appearstobe lessimportantthanfence
heightand spanwiselocation,at leastforthetwo spanwisestations
investigated.Thismighthavebeenanticipatedsincethetypeof flow
separationexperiencedon thisdelta-wingmodelis of theleading-edge
variety.(Seeref.9.) In general,theresultsshowthatdifferences
in fencegeometriccharacteristicscanresultin fairlylargedifferences
in thevaluesof the derivatives.
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Froma wind-tunnelinvestigationmadeat low speedto determine
someof theeffectsof wingfenceson thelateralstability‘derivatives
of a 60°delta-wingmodeloscillatingcontinuouslyin yaw,thefollowing
observationscanbe made:

1. The additionof’wingfencesprovidedlargereductionsin themagni-
tudesof theout-of-phasederivatives,thatis,thedamping-in-yawderiva-
tive Cnr,m- c~,~ andcross(rollingmomentdueto yawing)derivative

cl - Cz. at highanglesof attackandlowreducedfrequencyby
r,u p,m’

reducingtheamountof separatedflowon thewingsurface.Thesereduc-
tionsweresignificantin thatthederivativesforthe_basictingat
highanglesof attackwereseveraltimesas largeas the corresponding
derivativesforsomecompletemodelsat lowanglesof attack.In addi-
tion,increaseswereobtainedin themagnitudesof thein-phasederiva-
tives,thedirectionalstabilityCnP,u-t-GCq,u andeffectivedihedraJ

cl + k2CZ. suchthatthevaluesof thederivativesforthemodel
p,o r,m’ s

withfencesonmorenearlyapproachedthetheoretical.valuesforthis
planformin unseparatedflow. In thelow-angle-of-attackrange,the
additionof wingfencesdidnot changethevaluesof thein-phaseor
out-of-phasederivatives.

2. IncreasesinReynoldsnumberandtheuse of variousdevices
cormnonlyemployedto improvethelongitudinalstabilitycharacteristics
suchas camber,twist,andleading-edgeflapsandslatsmayprovide
changesin theoscillatoryderivativessimilarto the changesproduced
by wingfences.

3. At highanglesof attack,the additionof wingfencesconsiderably
reducedthevariationof theout-of-phasederivativeswithoscillation
amplitudeandreducedfrequency.Thefenceeffectivenessincreasedwith
sa increasein oscillationamplitudeandwithdecreasingvaluesof reduced-
frequencyparameter.

4, Differencesin fencegeometriccharacteristicsandthenumiberof
fencesused~esultedin fairlylargeMfferencesinthevalue6of the
derivatives.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

.

LangleyField,Vs.,April3, 1956.
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